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(54) HIGHLY HEAT-RESISTANT, HIGH-PURITY POLYARYLATE AND RLM PRODUCED l=ROM THE 
SAME 

(57) The present invention provides a polyarylate 
film comprising 9,9-bis(alkyt-4-hydraxyphenyl)fluorene 
residue and bisphenol residue with a molar ratio of the 
former of in the range of 0.05 to 1 in which the cartxxxy- 
lic acid component is composed of terephttialic add res- 
idue and isophlhalic add residue, wherein the 
polyarylate film having good abrasion resistance and 
heat resistance, being highly transparent and having 
less incident-angle dependent birefringence can be 
obtained by solvent casting of a pdyarytate solution 
with an inherent viscosity in the range of 025 to 2.50. 
The film has high abrasion resistance, heat resistance 
and purity along with being excdient In such optical 
characteristics as high transparency and low birefrin- 
gence, which is applicable as molding materials for use 
in electric electronic and optical fields and in automo- 
bile industry; as insulating materials in electric appli- 
ances, power generators, capacitors and interlayer 
Insulators; and as surface coating films as dielectric 
films for use in transformers, wire coating and capaci- 
tors, and substrates for liquid crystal display panel. 
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Description 

Technical Field 

5 [0001 ] The present invention relates to a novel polyarytate with high heat-resistance and high purity containing spec- 
ified bifunclional phenol units, and a fOm using the polyarytate. In more delaD. the present InventiGn relates to a no^et 
" polyarylate being excellent in heat-resistance, abrasion resistance and optical characteristics^ which can be used lor 
electric and electronic materials, automobile men4}ers, coating materials and flms. 

TO Background Art 

[0002] An amorphous polyarylate comprising 2.2-bls(4-hycIroxyphenyl)propane (abbreviated as bisphend A herein- 
after) residue and terephthalic add and isophthalic acid residues is known in the art as an engineering plastic. Molded 
members of the amorpfious polyarylate as described above can be widely used in the fields of electric and electronic 
15 appliances, automobile members and mecharacal members since the polymer has high heat-resistance and is excel- 
lent in mechank»l strength as represented by impact strength and in dimenskxial stability besides being amorphous 
and transparent. 

[0003] Polyarylate resin made of bisphenol A is used for electronic components such as a capadtor film by taking 
advantage of its good solubility in various kinds of solvents, excellent electrical characteristics (such as insulatksn prop- 

.20 erty and dielectric property) and abiaskxi resistance. The resin is also used for various kind of liqukl crystal display films 
and as a coating resin for fbnming coating films by taking advantage off its transparency and scrateh resistance. 
[0004] Ktowever. while demands for optical characteri8tk:s of flms, and fbr mechankal characteristk:s such as abra- 
sion resistance, heat resistance arvJ optk;al characteristics of the resin for fonning a coating film have been tightened 
up more and more, characteristks of bisphenol A polyarylate for complying with such requirements may be sometimes 

25 insuffkaent depending on its applicatk3n fieU. Therefore, resins being excellent in these required characteristiGs are 
desired. A polyarylate composed of 9,9-bis(3-melhyl-4-hydrGKyphenyl)fluor6ne reskjue and isophthalic ackl reskJue is 
reported in Journal of Applied Polymer Science. Vol. 29, p35to 43 (1984) as a resin capable of solving these problems. 
However, because the cariaoxytk; add ocmponent of the resin described in this report is composed of merely isophthalic 
acid, the resulting resin becomes so fragile that its mechanical charaderistics such as abrasfon resistance of flms and 

30 coating fflms are currently Insuff ident yet for solving the fbregdng problems. A polyarylate comprising 9,9-bis(4-hydrox- 
yphenyl)fkx)rene resklue and terephthaifo add and isophthalic add reskiues is disdosed, on the other hand, in Japa- 
nese Unexamined Patent PubGcatfon Na 57-192432. However, the odor of the resin is readily turned to yelfowish by 
UV inadiation owing to Hs structure of diphenol components, making it difficult to devetop the resin for optical applfoa- 
tions. Meanwhile use of a polyarylate compriskig bifunctfonal phend reskiues having 1.1-fkiorene groups and tereph- 

35 thalk: add and/or isophthaik; accl is suggested in Japanese Unexamined Patent Puttlk:atk>n Ho. 8-134336, merely use 
of bisphend A. aBcyl substituted bisphenol A, bis(4-hydraxy-3-me!hylphenyl)sulfWe, 1.1-bis(4-hydraxyphenyl)cydohex- 
ane or 1 , 1 -bi6(4-hydroxyphenyl)-3.3,5-cyck)hexylene is actually disdosed m Hs e n ixx i imeni and mechanfoal character- 
istk:s such as abrasfon resistance are neither disdosed nor suggested, implying some problems in its abrasfon 
resistance. 

40 [0005] Resins to be used for a Ik^uki crystal cfisplay. a substrate for use in an electrduminescence display, a transpar- 
ent conductive film d a polarizer, and a surtace protection film of an optical disc and optfoal card are required to be 
highly transparent and maintain optical isotropy irrespective d inddent angle d light (causing no birefringence). How- 
ever, conventfonal bisphend A pdyarylate and pdycarbonate can nd meet this requiremenL 
[0006] A glass or a metal is used for the suk>strate in optoelectronfo elements such as a fiqufo crystal display element 

45 and photovoltaic element for solar cells, and electrfo and etectronh; elements such as a capacitor. However, mechanical 
strength and speciTic gravity d the glass substrate are preventing the dement to have a fong Ofe span and to be light- 
weight. On the other hand, machining d the metal substrate is diTicutt besUes it has a high spedffo gravity, thereby 
making it difficult for the element to be compact and lightweight Plastfo substrates have been urgently desired fbr solv- 
ing the prot)tems as hitherto described. However, no plastic substrate was found having heat resistance at a tempera- 

so ture d 200*'C or more (a required process temperature fa forming the element) as weB as a sn»ll birefringence. 
[0007] Lowering or deterioration d electrical characteristics d the resin is an another problem in the foregdng appli- 
cation f iekte since wavy acMitives and unreacted substances may be left behind during the production process d the 
polymer materials. Accordingly, materials conlafoing less impurities are desired. 

[0008] The present inventfon for solving the problems as hitherto desabed provides a novel polyarytate and a film 
55 thered, in which required performances such as high abrasfon resistance, high transparency, tow degree d birefrin- 
gence, high heat-resistance and high purity are satisfied altogether, although these perfbmnances d conventional 
bisphend A polyarylate are insufffoient 
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Di8Cl08ure of Invention 

[0009] Throuflh intensive etudiee to solve the problems as hitherto desaibed. the inventors of the present invention 
found that a novel polyarylate containing, among the components constituting the polyarylate, 9.9-bis(3-methy1-4- 
hydroxyphenyQf luorene as a bifunctional phenol and terephthalic acid and isophthailc add as dicart)oxyllc components 
has excellent transparency and heat resislance. and a low degree of birefiingence, thereby completing ttie present 
invention. 

[0010] In the first aspect the present Invention provides a polyarylate oonprising: 
a bifunctional phenol component being oonposed of 

(a) a 9.9^all^-4-hydrQxyphenyl}f luorene residue represented by a general fomrujla (1) 




(wherein R and R* in the tbrmula are selected from alky! groups having a cartson number of 1 to 4. p and q rep- 
resenting an integer of 1 to 4} ; and - 

(b) a bifunctional phenol residue represented by a general formula (2) and/or a dioxybenzene residue that are 
added if necessary. 




(wherein R^. R2, R3 and R4 in the formula are each independently selected from the group consisting of a 
hydrogen atom, a halogen atom, a hydrocartxjn group or a nitro group, the hydnocartxxi grotp being selected 
from the group consisting of aliphatic groups having a cartxm number of 1 to 20. alicyclic groups having a car- 
bon nurnt^er of 3 to 20 and arorriatic groups having a cail3on nunt^ 

consisting of a single borKl. an oxygen atom, a sulfur atom, an alkytene group, an alkylidene group, a 
cycloalMene group, a cycloalkylidene group, a halo-substituted alkylene grotpi a hato-substiluted alkylidene 
group; a phenyalkylidene group, a substituted phenyalkytidene grotp. a carbonyl group, a sutfonyl group, a car- 
boxylalkylene group, a carboxytalkylidene group; an aHoxycartxxiyl alkylene group, an alkoxycarbonyl alkyli- 
dene group, a f luorene group, an isatin groi^x an aikylsilane group and a dialkylsitane group), wherein 

the mole iraCGon between (a) and (b) is within the range represented by the fonowing relation: 

0.05 5 [(a)/{(a) + (b)}] 1.00: and 

a dicarboxylk: aad component being composed of 10 to 90 mot% of a terephthalk; add residue and 90 to 
10 mol%of an isophttiallc add resklue; and 

an inherent viscosity (ti inh.) at 25°C of a solution of the polyarylate wrth a concentration of 1.0 gWI in 
1,1.2.2-tetrachloroethane as a solvent is within the range represented by the fbtlowing relation: 
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0.25 ^ T| inh. ^ 2.50. 

(001 1 1 in the second aspect the present invention provides a polyarylate conprising: 
a bifunctionai phenol component being composed of 

(c) a 9,9-bls(3.&dimethyl-4-hydrQxyphenyl)fluorene residue represented by a chemical formula (3); and 




(b) a bifunctionai phenol residue represented by a general formula (2) and/br a dioxybenzene residue that are 
added if necessary. 




(wherein R^, R2. R3 and R4 in the fornuia are each independently selected from the group consisting of a 
hydrogen atom, a halogen atom, a hydrocarbon group or a nitro grotq). the hydrocartXHi group being selected 
from the group consisting of aliphatic groups having a caitxm number of 1 to 20. alicydic gro^)s having a car- 
bon number of 3 to 20 and aromatic groups having a caibon number of 6 to 20. X being selected from the group 
consisting of a single bond, an oxygen atom, a sulfur atom, an alkyfene group, an alkytidene group, a 
cycloall^ene group, a cydoalkyfidene group, a halo-substituted alkylene group, a halo-sUbstituted alkylidene 
group, a phenyalkylidene group, a substituted phenyalkyiidene group, a carbonyl group, a suKbnyl group, a car- 
boxytalkyfene groups a carboxylalkylidene group an alkDxycaitxxiyl alkylene group, an alhoxycarttonyl alkyli- 
dene group, a fiuorene waufx an Isatin group, an aBcylsflane group and a dialkylsilane group.), wherein 

the mole fractk)n between (c) and (b) is within the range represented tff the fbltowing relatkHi: 

0.05 5 [(c)/Kc) + (b)}] 5 1 .00; and 

a dtcartx>xy1ic acid component being composed of 10 to 90 nx)i% of a terephthalic add residue and 90 to 
1 0 mol% of an isophthallc acid residue; and 

an inherent viscosity inh.) at 25'*C of a solution of the polyarylate with a concentration of 1.0 g/dl in 
1 .1 ^.2-tetrachloro6thane as a solvent is within the range repnesented by the following relation: 

0.25 ^ n inh. 2.50. 

[0012] The third aspect of the present inventfon relates to the polyarylate according to the second aspect of the 
present invention wherein the inherent viscosity (n inh.) is wHhin the following range: 
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0.25 ^t| inh. ^1.50. 

[0013] In the fourth aspect, the present invention providee a polyarylate comprieing: 
s a bifimctional phenol component being oonposed of 

(d) a 9.9-bis(a-melhyl-44iydroxyphenyOfluorene residue represented by a chenvcal formula (4); and 




(b) a bifunctional phenol residue represented by a general formula (2) and/or a dloxybenzene residue that are 
25 added rf necessary. 



30 




35 



(wherein R2, R3 and R4 in the formula are each independently selected from the group consisting of a 
hydrogen atom, a halogen atom, a hydrocarbon ^oup or a nitro group, the hydrocartxyi group being selected 

40 from the group consisting of aliphatic groups having a cartx>n number of 1 to 20. alicycfic groups having a car- 

bon mwber of 3 to 20 and aromatic groups having a cartx>n number of 6 to 20. X being selected from the group 
consisting of a single bond, an oxygen atom, a sulfur atom, an alkylene group, an alkylidene group, a 
cycloalkylene group, a cydoalkylidene group, a halo-sUbstituted alkylene groups a halo-substituted alkylidene 
groups a phenyalkylidene group, a substituted phenyalkylidene groups a cartxKiyt groups a suHbnyl group, a car* 

46 boxylalkylene group, a cartx)xylalkylidene group an alkoxycarbonyl alkylene groip, an alkoxycarbonyt alkyfi- 

dene group, a f tuorene group, an isatin group an al^silane group and a dialkylsitane group.), wherein 

the mole fractnn between (d) and (b) is within the range represented by the foHwing reiatk)n: 

so 0.05 ^[(d)/{(d) + (b)}]^ 1.00; and 

a dicarboxylic add component being composed of 10 to 90 mol% of a terephthalk: add resclue and 90 to 
10 mol% of an isophthalto add reskJue; and 

an inherent viscosity (t| inh.) at 25^*0 of a solution of the polyarylate with a concentratran of 1.0 g^lln 
55 1 .1 .2,2-tetrachloroelhane as a solvent is within the range represented by the following relation: 

0.25 5 T] inh. i 1.50. 
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pm4] In the fifth asped. the present irwerriion provides a pd 
a bifunctional phenol component being conposed of 
5 (d) a 9.9-bi8(3-methyl-4-hydraxyphenyf)flucren6 residue represented by a chemical formula (4); and 




(4) 



(f) a 2^-bis(3,5-dffnethyt-4-hydroxyphenyOpropane residue represented by a chemical formula (5) that is 
added if necessary. 

20 



25 




30 

wherein 

the mole fraction between (d) and (f) is within the range represented by the foltowing relation: 

35 0.30 < [(d)/{(d) -I- (f)}] ^ 1 .00, and 

a dicartx»cylic acid component being composed of 1 0 to 90 mol% of a terephthalic acid residue and 90 to 
10 mol% of an isophthafic acid residue; and 

an inherent viscosity {r\ inh.) at 25*^ of a solution of the polyarylate with a concentration of 1.0 g/dl in 
40 1 .1 ^,2-tetrachloroethane as a solvent is within the range represented by the following relation: 

025 ^ ti inh. ^ 2.50. 

[001 5] The sixth aspect of the present invention relates to the polyarylate according to any one of the first to the fifth 
46 aspects of the present invention having a caiboxyl value of 30 mole/ton or less and the residual quantity of alkali metals 
of less than 50 ppm. 

[001 6] The seventh aspect of the present invention relates to the polyarylate according to any one of the first to sixth 
aspects of the present invention containing less ttian 200 ppm of the residual catalysts. 

[001 7] The eighth aspect of the present invention relates to the polyarylate according to any one of the first to seventh 
so aspects of the present invention containing 1000 ppm or less of tiie residual phenyl monomers and dicarboxylic adds, 
respectively. 

[001 8] The ninth aspect of the present invention relates to a f im produced by forming the polyarylate according to any 
one of the first to eighth aspects of the present invention. 

[001 9] The tenth aspect of the present invention relates to a film formed by a solvent casting method of ttie polyarylate 
55 according to any one of the first to eighth aspects of ttie present Invention by a solvent casting mettiod. 

[0020] The 1 1th aspect of the present invention relates to tine polyarylate film accoiding to the tenth aspect of the 
present invention containing 1000 ppm or less of the residual phenyl monomer and dicartxsxylic acids, respectively. 
PIQ21] The 12tii aspect of ttie present invention relates to the polyarylate film according to ttie 10tti or 1 1tii aspects 
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of the present invention contairang leee than 2000 ppm of the reeidual solvent. 
[0022] DetaOs of the present nvention will be desail3ed hereinafter. 

Best Mode for Carrying CXit the Invention 

5 

[0023] The bifunctionalphend component in the polyarylate according ^ 

bis(aIkyl-4-hydroxyphenyI)fluorene residue represented by the foregoing general formula (1) and (b) the Afunctional 
phenol residue represented by the foregoing general formula (2) and/or a diaxyt)enzene residue that are added if nec- 
essary, wherein the molar fraction between (a) and (b) is within the range represented by the following relation; 

w 

0.05 ^[(a)/{(a) + (b)}]^ 1.00 

or preferably within the range represented by the following relation: 

IS 0.25 ^[(aW(a) + (b)}l^ 1.00 

[0024] It is not preferable that the molar fraction of the 9,9-bis(alkyl-4-hydroxyphenyl)fhjorene residue represented by 
the formula (1) is less than 0.05 because the effects for improving heat resistance of the potyarylate and for reducing 
birefringence are not displayed, thus failing to obtain the effect of the present invention. 

2o [0025] R and R' in the general formula (1) are selected from alkyi groips with a carbon number of 1 to 4. p and q 
representing an integer from 1 to 4. R^. Rj. Rs and R4 in the general fomnula (2) are selected, respediveiy, from the 
group consisting of a hydrogen atom, a halogen atom, hydrocarbon groups and a nHro group, and the hydrocartxyi 
group is selected from the ^oup consisting of aliphatic groups with a carbon number of 1 to 20. aiicyclic groups with a 
caibonnunt^erof 3to20arKlarornaticgroupswithacartx)nnumberof 6to20.Xiss^ the group consisting 

25 of a single bond, an oxygen atom, a sulfur atom, an alkylene group, an alkylidene ^014), a cydoalkylene group, a 
cydoalkylidene group, a halo-substituted all^ene groups a halo-substituted alkylidene group, a ph^ alkylkJene 
group, a substituted phenyl alkylidene group, a cart)onyl group, a sutfDnyl group, a carboxyalkylene group, a cartxixy- 
alkylidene gmup, an altoxycarbonyt alkylene group, an alkxxycartxxiyl alkylidene group, a fluorene groip. an isatin 
group, an alkylsilane grotp and a dialkylsilane group. 

30 [0026] Examples of the compounds having the bHunctional phenol residue represented by the general formula (2) that 
can be used for the polyarylate according to the present invention are; bis(4-hydrQxyphenyf}methane. 1 ,1 •tNS(4-hydrox- 
yphenyf) ethane, bis(4-methyl-2-hydroxyphenyl)methane. bjs(3.5^methyt^-hydrQxyphenyOmethane, 1.H)is(4- 
hydroxyphenyl) cydohexane, 2,2-bis(4-hydroxyphenyl)-4-methylpehlane. 2.2-bis(4-hyt*raxyphenyl)propane (blsphenol 
A). 2.2-bis(3-methyl-44iydroxyphenyl)propane. 2.2-bis(3,5-dimethyl-4-hydroxyphenyO propane. 1.1-bis(4-h^roxyphe- 

35 nyl)-1-phenytelhane. 1.1-bis(44iy*wyphenyl)-2-ethylhexane. 2.2-bis(3-phenyl-4-hydroxyphenyOpropane. bis(3- 
mettiyl-44iydioxyphenyOniet^^ 4,4-biphenol. 2.2-bis(4-hydroxyphenyObutane. l.l-bfe(4-hydroxyphenyl)-2-methyl- 
propane. bi8(4-hydrQa^enyQ-phenytmethane. 2.2-bi8(4-hydroxyphenyl)octane. 1.1-bis(3-methyM-hydroxyphe- 
nyQcydohexane, 2.2-bte(3-aByl-4-hydroxyphenyOpropane, 2.2-bis(3MSopropyl*4-hydraxyphenyQ propane. 2,2-bts{3- 
t6rt-lxdyf-4-hydroxyphenyl)propane. 2,2-bis(3-sec-butyl-4-hydroxyph€nyOpropane, biqshenol fluorene, 1.1-bis(2- 

40 methyl-4-hydroxy-5^ert-butylphenyf)-2-nTOthyipropane. 4,4'-{1.4-phenylene-bis(2-propyWene)]-bis(2- methylphend). 
1.1-bis(3-phenyl-4-hydroxyphenyOcyclohexane. 4.4'-dihydroxyphenyl ether. bis{2-hydrcocyphenyOmethane. 2.4-methyl- 
enebisphenoi, bis(3-n(ieltyl-44iydroxypheryO'nethane. 1.1-bis(4-hydroxyphenyl)prapane. 1,1-Ws(2-hydroxy-5-methyl- 
phenyl) ethane, 1.1-bis(4-hydraxyphenyl)-3-methylbutane. bis(24iydroxy-3.5Kfniethytphenyl)metha^ 1,1-bis(4- 
hydroxyphenyO cydopentane. 1 ,1 -bis{3-methy1-4-h>ijroxyphenyl)cyclopentane, 3,3-bis(4-hydrQxyphenyl)pentane, 3.3- 

46 bis(3-methy1-4-hydraxyphenyl)pentane. 3.3-bis(3.5-diniethyl-4-hydroxyphenyO pOTtane. 2,2-bis(2-hydraxy-3,5<fimeth- 
yk)henyl)propane. 2.2-bis(4-hydroxyphenyf)nonane. 1.1-bis(3-methyi-4-hydroxyphenyi)-1-phenytethane. 1.1-tois(3,5- 
dimethyl-4-hydroxyphenyl) cydohexane. 2,2-bis(4-hydroxyphenyl)decane. l.l-bis(4-hydroxyphenyl)decane. bls(2- 
hydroxy-3-tert-bu^5-nielhyi)henyl)methane. bis(4-t^raxyphenyl)cft3henylmethane, terpenediphenol. 1.1-bis(3-tert- 
butyl-4-hydroxyphenyl) cydohexane. 1,1-bis(2-methyl-4-hydroxy-5-tert-butyiphenyl)-2-methyfpropane, 2,2-bis{3- 

50 cyclohexyt-4-hydroxyphenyl)propane, bis{3.5<ji-tert-bu^-4-hydroxyphenyl)methane. bis(3.5-di-sec-butyl-4-hydroxy- 
phenyO methane. 1.1-bis(3-cydohexyl-4-hydroxyphenyl)cyclohexane. 1.1-bis{2-hydraxy-3.5-di-tert4xjtylphenyOethane. 
bis(3-nonyl-44iydroxyphenyl)methane. 2,2-bis(3.5<li-tert-butyl-4-hydroxyphenyl)propane, bis(2-hydroxy-3,5KJi-tert- 
butyl-6-melhylphenyl)melhane. 1.1-bis(3-phenyM-hydrQxyphenyl)-1-phenylethan8, 4.4-bis(4-hydroxyphenyO penta- 
nok: add. bi6(4-hydroxyphenyl)acelic add butyl ester. bi6(3-fluoro-4-hydroxyphenyl)methane. bi6(2-hydroxy-5^uorDph- 

55 enyl)methane, 2.2-bis{4-hydroxyphenyl)-1. 1.1, 3,3,3- hexafluorcpropane. 2,2-bis(3-fluoro-4-hydroxyphenyI)propane. 
his(3-fluoro-4-hydroxyphenyl)phenylmethane. bis(3-fluoro-4-hydroxyphenyi). (p-fluorophenyl)melhane. bis(4-hydroxy- 
phenyO-(p-fluorophenyOmethane. 2,2-bis(3-chkxo-4-hydroxy-5-metfyIphervDpropan«. 2.2-bis(3.5-dlchlao-4-t^roxy- 
phenyl) propane. 2.2-bis(3-chloro-4-hydrG0(yphenyl)propane, bis (3,5<libromo-4-hydroxyphenyl)methane. 2,2<bis(3.5- 
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dihromo-44iydroxyphenyl)propane, 2.2-bi8(3-nrtro-4-hydroxyphenyl) propane. 3.3*-dimethyM.4--biphenol. S.S'.S.S- 
tetramethyt-4.4'-biphenol, 3,3\5.5Metra-tert-buty1-4,4'-biphenol. bis(4.hydra)cyphenyOkel)one, 3.3*-difluor<>4,4'-biphe- 
nol, 3.3'5.5'-tetrafluoro-4,4*-biphend. bis(4-hydroxyphenyl) dimethylsilane, bls{4.hyclrQxyphenyl)aulfone, bis(3-methyl- 
4-hydroxypheny08uHbne. his {3.S<im©lhyi-4-hydroxyphenyO suttone. bis(3.S<fibromo-44iydrDxyphei^ bis (4- 

5 hydroxyphenyOthioether. bis(3-methyl-4-hydroxyphenyOether, bis(3-methyl-4-hydroxyphenyt)thioether, bis(3.5-dime- 
thyl-4-hydroxyphenyO ettier, bis(3,5-dimethyl-4-hydroxyphenyf) thioether. bis(2.3.5-trimethyi-4-hydroxyphenyOphenyl- 
^ methane. 2.2-bis(4-hydroxyphenyOdodecane. 2.2-bis(3-nriethyl^^hydroxyphenyl)dodecane. 2.^^ 
hydroxyphenyl) dodecane. l.l-bls(3-tert-butyl-4-hydroxyphenyO-1-phenylethane, 1,1-bis(3,5-di-tert4xily!-4-hydroxy- 
phenyl)-1-phenylethane. 1 J-bis{2-melhyl-4-hydrQxy-5-cyclohexytphenyO-2-nrieth^ 1,1-bis(2-hydroxy-3.5-di- 

10 tert-butytphenyl) ethane. 2,2-bis(4-hydraxyphenyl)propanoic acid methyl ester. 2.2-bis(-4.hydroxyphenyl)propanolc 
acid ethyl ester, isatin bisphenol, isalin biscresol, 2,2' ,3.3'. 5.5 -hexamethyl-4.4*-blphenol, bis (2-hydrcKyphenyl)meth- 
ane. 2.4-methylene bisphenol. 1.2-bi5{4-hydroxypheny!)ethane. 2-(4-hydroxyphenyO -2-(2-hydroxyphenyOpropane, bis 
(2-hydro>cy-3-ally^)henyO methane, 1,l-bis(24tydroxy-3.5KJimethylphenyO-2Hnethylpro^ 1.1-bis(2-hydroxy-5-tert- 
butylpher^)ethane. bis{2-t^roKy-6-phenylphenyl)methane. 1.l'bis(2-methyM-hydroxy-&-tert-buty^phenyObutane. bis 

IS (2HTiethyl-44!ydroxy-5<ydohexyi3herTyl)methane, 2.2-biB(4-hydroxyphenyOpentadecane. 2,2-bis(3-methyl-4-hydroxy- 
phenyOpentadecane, 2.2-bis(3,5<Jimethyi-4-hydroKyphenyOpentadecane, 1 ,2-bis{3,5KJi-tert-butyl-4-hydroxyphe- 
ny1)ethane, bis{2-hydroxy^.5^'tert-butylphenyOmetharie. 2.2-bis(3-6tyryl-4-hydroxyphenyOpropane. 1.1-bis(4- 
hydroxyphenyl)-1-(p-nitrophenyOethane. bi6(3.5<«luoro-44iydfwyphenyOmelhane, bis(3.5<rifluoro-4-hydroxyphe- 
nyl)pheny!methane. bis (3.5<Hluofo-4-hydroxyphenyi) d*|)henylmethane. bis(3-fluoro-4-hydroxyphenyO diphenylmeth- 

20 ane. 2.2-bis(3-chloro-4-hydroxypheny()propane. 3.3'.5.5*-tetra-tert4xjtyt-2.2'-Wphenol. 2.2-diaIlyl-4.4-biphenol. 1.1- 
bi8(4-hydrGO(yphenyO-3,3.5-trinrielhyicyclohexane. 1.1-bis(4-hydroxyphenyO-3.3.5.5-tetramethytcyclohexane, 1.1-bis(4- 
hydroxyphenyO-3.3.4-trlmelhy1cydohexane, 1 ,l-bis(4-rvdroxyphenyO-3,3KJImelhyl-&<thylc^ 1 .1 -bis(4- 

hydroxyphenyO-3.3.5^rinfiettylcydopentane. 1.1-bis(3.MinMthy1-44iydroxyphenyl)^ 1.1- 
bls(3.5<Jipheny1-4-hydraxyphenyO-3.3.5-trimethyteycloheKane 1,143is(3-nrielhyt-4-hydroxyphenyf)^,3.5-trimethy!cy- 

2s clohexane. 1 .1 4Dis(3i)henyt-4-hydroxyphenyl)-3,3.5-trimethylcydohexane, 1 . 1 -bis(3.5<lich!ort)-4-hyt4roxyphenyl)- 
3.3.5-trfmethyl cydohexane. 9,«)ls(4-hydroxyphenyl)fluorene. 9.9-bis{3-methyl-4-hydrQxyphenyf)fluorene,.9.9-bis(3.5- 
dimethyl-4-hydroxyphenyl)f»uaene. and 1.1-bis(3,5<Jibronr»-4-hydroxyphenyO -3.3.5-trimelhylcyclohexane. 
[0027] Examples of the dihydrcxybenzene include resorcinol. hydroqiinone and 1 .2-dihydrQxybenzene. 
[0028] Not only one Kind of these compounds hut also two or wore of them may be used for copolymerization. The 

30 bifunctional phenol to be advantageously used for the constituting component (b) of polyarytate includes 2.2-bis (4- 
hydroxyphenyO propane (bis phenol A). 

[0029] The bifunctional phenol component of the polyarylate according to the fifth aspect of the present invention 
conprises (d) the 9,W)is(3-methyl-4-hydrQxyphenyI)fluorene residue represented by the chemical formula (4) and (f) 
the 2,2-t>is(3.5-dimethyl-4-hydroxyphenyOpropane residue represented by the chemical formula (5) that is added if nec- 
35 essary. wherein the molar fraction between (d) and (f) is within the range of; 

0.30 <[(d)/{(d) + (f)l]^ 1.00 

(or preferably within the range of: 

40 

0.50^[(d)/{(d)<|.(r)}]^1.00 

[0030] ft is preferable from the view point of optical characteristics that the 2.2-bis(3.5KJimethyM-hydroxyphenyO pro- 
pane residue represented by the chemical for ntjla (5) Is Involved in polymerization, by which yellowish color change of 

45 polyarylate due to UV irradiation could be suppressed. However, it is not preferable that the molar ratio of the 9.94)is(3- 
methy!-4-hydrQxyphenyt)f luorene residue represented by the chemical formula (4) is 0.30 or less, or the molar ratio of 
the 2,2-bis(3.S<fimethyl-4-hydroxyphenyl)propane residue represented by the chemical formula (5) is 0.70 or more, 
since the effects for improving heat resistance of polyarylate and for decreasing birefringence could not be displayed 
besides the degree of yellowish change becomes large. 

so [0031] The dicraboxyfic add componert that constitute the polyaryiate according to th^ 

of 1 0 to 90 mol% of the terephthafic add residue and 90 to 1 0 mol% of the isophthalic add residue, an equimolar mix- 
ture of terephthaiic acid and isophthafic acid being espedaUy preferable. 

PN)32] While the (ficarboxyltc add component is composed of the terephthalfo add residue and isophthalic add resi- 
due, a dicaiboxytic acid component other than those can he used as a copolymerizatfon oonponent in the range not to 
55 hinder the object and effect of the present invention. 

[0033] The quantity of use of the copolymerizable bifunctional cartxxxyfic acid component is d^ermined according to 
its required charaderistics. 

[0034] Examples of the copolymerizable dicarboxylic add component indude aromatic dicarboxylic adds such as 
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orthophthafic acid. 2.6-naphthalene dicarboxylic add. cft>henic acid, 4,4*<licaiboxydphenylether. bis(p-cartx>xyphe- 
nyOalkane aixJ 4,4'<licart)oxypheny! suHbne, aixJ aliphatic dicartwxylic acid such as oxalic acid, malonic acid, succinic 
add and adipic add. These divalent caitxwyfic add can be used atone or in combination of two or nxjre of them. 
[00351 The pofyarylate according to the present invention should not he always a linear polyarylate but may he pre- 
pared by copolymerization of polyfunctional phenols. The quantity of use of the pdyfunctional phenols may be deter- 
mined depending on the requred characteristics of the polymer. 

[0036] Examples of these polyfunctional phenols indude tris(4-hydroxyphenyOmethane. 4.4'-[1-[4^1-(4-hydroxyphe- 
nyl)-1-methyelhyl]phenyllethytid€neJ)isphenol, 2,3,4,4 -tetrahydroxy benzophenone. 4-{bis(4-hy*axyphenyl)m€thyl]-2- 
melhOKyphenol, trrs(3-methy!-4-hydroxypheny1)methane. 4-[bis(3-methy!^hydroxyphenyOmethy1]-2-methoxyphenol, 
4-[bis(3.5-dimethyl-44iydiwyphenyl)melhyl-2-methoxyphenol. 1.1.Hris(4-hydroxypheny1)ethane. 1.1,1-tris(3-methyl- 
4-hydroxyphenyl) ethane, 1.1,1-trls(3,5-cfimethyl-4-fvdraxyphenyOethane. tris(3-m8thyl-4-hydroxyphenyl)methane, 
tris(3.5-dimethyl-4-hydroxyphenyl)methane. 2.6-bis[(2-hydroxy-5-melhylphenyl) methyll-4-melhylphenol, 4-Ibi5(3,5- 
dimethyl-4-hydfoxyphenyl) methyl]-1 .2-dihydrQxybenzene. 2-Obis(2-methyi-4-hydfoxy-5-cydoh®(yfphenyOmeth^^ 
nol, 4-(l>i6(2-methy!-44i^Jfaxy-5-cydohexy^p^ 4-methylphenyl-1.2.3-trihydrQxyben- 
zene, 4-((4-hydroxyphenyl)methyll-l ,2,3- trihydroxybenzene, 4-[1 -{4-hydro)qflf}henyf)-1 -methyethyl]-1 .3- 
dihydraxybenzene. 4-[(3,Mime»iyl-4-hydroxyphenyl)melhyll- 1,2.3-trihydraxybenzene, 1,4*i8[1-bi8(3.4HdihydrQxy- 
phenyO-l-methyfethyiJbenzene, 1,4-bisl143is(2,3,4-trihydroxyphenyl^1-melhyelhyfJb^ 2.4-bfS[(4-hydroxyphe- 
nyl)methyll-1.3- dihydroxybenzene, 2-{bis(3-methy1^-hydroxyphenyt)methyll phenol. 4-Ibis(3-methyt-4- 
hydroxyphenyl)methy!Jphenol. 2-[bls(2-methy1-4-hydnaxypheny!)methynphenol, 4-(bis(3-methyl-4-hydroxyphe- 
nyl)methyO-1,2-cfihydroxybenzene. 4-|!bi8(4-hydraxyphenyOmethyll-2-ethoxyphenol, 2-[bi6(2,3<nm8lhyl-4-hydroxyphe- 
nyOmetfyllphenol, 4-[bis(3.5-dimethyM4iydroDtyphenyl)nwt^^ 3-tbis{3.5-dimethyl-4- 

hydroxyphenyOmethyllphenol. 2-Ok)is(2-hydroxy-3,6-dimelhylphenyOmethyl]phenol. 4-|bis(2-hydroxy-3,6-dimethylphe- 
nyl)mettTyOphenol, 4-[bis(3,5Klimethyt-4-hydroxyphenyOmetfiyi]-2-met^ 3,6ibi6{3.5Kfimethyl-4-hydroxyphe- 
nyl)methyO-1 .2-dihydroxybenzene, 4,6-[bls(3,5<Jimethyl-4-hydroxyphenyOmelhyll-1 ,2,3-trihydroxybenzene. 2- 
[bis(2.3.6-trimethyl-4^roD(yphenyl)methyl]^ 2-[bis(2.3.5-trlmethyl-44iydr<»ypheny!)nfiet^ 3-[bfe{2.3.5- 
trimelhyl-44!ydroKyphenyOnr)eIhyllphenol, 44^)i8(2,3,5-timelhyM-hydr(wyphenyt)me4hyll^^ 4-Ibis(2.3.5-trimethyl- 
4-hydroxypheny!)methyfl-1,2- dihydroxybenzene, 3-{bis(2-methyf-4-hydroxy-5<vdoheKytphenyl)niethyl]phenol. 4- 
[bis(2-methyl-4-hydroxy-5<:yctohexy^eny1)methyll3henol. 4^bis(2-methyt-44iydraxy-5-cyclohexy!phenyOmethylJ-2- 
methoxyphenol. 2.4,6-tris[(4-hydroxyphenyl)methyl]-1 .3-dihydroxybenzene. 1 . 1 .2.2-tetra(3-methyl-4-hydroxyphe- 
nyl)6thane. 1,1.2,2-tetra(3,5<fimelhyl-4- hydroxyphenyOethane, 1.4^Ibis{4-hydrQxyph€nyl)methyl] benzene. 1,4- 
d^bis{3-me*hyl-4-hydroxyplienyOmelfv 1 .4<fiIbis{3,5<Jimethyl-4-hycftroxyphenyOnTethyObenze 4-(1 , 1 - 

bis{4-hydraxyphenyf)ethy!lani!ine, (2.4KjihydroxyphenyO-(4-hydfoxyphenyOketone, 2-lbis(4-hy*oxyphenyf)melhyl]phe- 
nol. and 1 .3.3-tri(4-hydroo^enyI)butane. These compounds m^ not be always used alone but a plurality of them may 
be used together. 

[0037] Examples of the methods for produdng the polyarylate according to the present invention include a solution 
polymerization method in which a bifunctional caiboxyfic add halide is allowed to react with a bifunctional phenol in an 
organic solution (A. Conix. Ind. Eng. Chem. 51 , 147, 1959; Japanese Exaironed Patent PiMcation No. 37-5599); a melt 
polymerization method in which a bifundiona] carboxylk; acid and bifunctional phenol are heated in the presence of 
acetic anhydride; a melt polymerization mettKxl in which a Ufunctional cartx)xyf'tc add and bifunctional phenol are 
heated in the presence of diaflyicarbonate (Japanese Examined Patent Publication Na 38-26299); and an interfacial 
polymerization method in which a bifunctional cartxixylic add halide dissolved In an organic solvent not compatWe with 
water and a bifunctional phend dissolved in an aqueous solution of alkaG are mixed (W M. Eareckson. J. Poly. Sd.. 
XL399. 1959: Japanese Examined Patent Publication No. 40-1959). While the polyarylate acooidlng to the present 
invention containing 9.9-bls(aII<yM-hydraxyphenyl)fluoren€ as a stmctural unit can he produced by the method known 
in the art as described above, the interfacial polymerization method is advantageously used. 
[0038] The production method iDy the interfacial polymerization wiD be described in detail hereinafter. Ari aqueous 
alkali solutton of 9.9-bis(alkyV4-hydroxyphenyi)fluorene as a starting material of the structural unit represented by the 
general fbnnula (1). chemical fomwla (3) or chemtoal fonnula (4). and dtoxybenzene and/or bisphenol as a starting 
material of the compound represented by the general formula (2) or chemical famula (5) are firstly prepared. Then, a 
polymerization catalyst, for exanple a tertiary amine such as trimethylamine and triethytamine, a quaternary ammo- 
nium salt such as trimelhyibenzyl amnrxxiium chloride and tributybenzyl ammonium chloride, and a quaternary phos- 
phonium salt such as tetrabutylphosphonium chloride, are added in the sdutton. A solution prepared by dissolving a 
bifundkmal carboxylic add halide in a solvent that is not compatible with water hut dissolves the polyarylate. for exann- 
ple a chlorinated solvent such as methylene chloride, 1,2<lichtoroethane. dHorofbrm and chlorobenzene, and an aro- 
matic hydrocartx>n such as toluene, benzene and xylene, is mixed with the alkali solution prepared as described at>ove. 
The desired polyarylate (a copdymer) is obtained liy aitawing ttie mixture to react with stining fbr 1 to 5 hours at a tem- 
perature of 25''C or less. The alkali that can he used herein includes sodium hydroxide and potassium hydroxkie. 
[0039] The molecular weight of the polyarylate according to the present invention can be contrdled. in-espective of 
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the m^od as de8cr3}ed above, bf adding a monofiinctional oonrpound during polymerization. Exanplee of the sub- 
stance used as a molecular we^ht control agent include monofunctional phenols such as phenol, cresoi and p-tert- 
butytphenol; monofunctional add chlorides such as benzoic acid chloride, methanesulfonyl chloride and phenylchloro- 
fbrmate; monofunctional alcohols such as methanol, ethanol. n-propanol. isopropanol. n-butand. pentanol. hexanol. 

5 dodecyl alcohol, stearyl alcohol, benzyl alcohol and phenethyl alcohol; and monofunctional cartDOxylic adds such as 
acetic add. propionic add, octanoic acid, cydohexane cartxixylic add. benzoic add. tduylic add. phenylic add, p-tert- 
^ butyfbenzdc add and p-methoxyphenytacetic acid. 
[0040] The quantity of the monofunctional compound for use as a molecular weight contrd agent is determined so 
that the inherent viscosity (n inh.) falls into a given range. 

TO [0041] The inherent viscosity (ii inh.) of the solution containing 1 g/dl of the pdyarylate obtained by the foregoing 
method in tetrachloroethane at 25"C is in the range of 025 to 2.50. preferably in the range of 0.25 to 1.50 and more 
preferably in the range of 0.5 to 1 .3. 

[0042] The inherent viscosity of less than 0.25 is not preferable because the mechanical strength of the polymer 
obtained is so low that the surface strength of the film and coating film is not suffident. When the inherent viscosity 
IS exceeds 2.50. the pdymer solution for use in coating becomes so stid^ or viscosity of the solubon prepared at the time 
of coating is so increased that its handling becomes difficult 

[0043] It is essential that the carboxyl value of the pdyarylate according to the present invention is 30 mole/ton or 
less. A carboxyl value of 1 5 nrx)le/ton or less is preferable since the value affects the electric cha r a cter i stic s such as arc 
discharge resistance and dielectric constant. The cartxsxyt value of the resin can be obtained tsy a conventional method 

20 such as neutralization titration using a potentiometric titrator 

[D044] The carboxyl value should be also adjusted to 30 mde/ton or less because the value affects stability during 
storage of the polymer solution prepared by dissolving the resin in a solvent such as tduene, methylene chloride and 
tetrahydrofuran. When a solution having as high a concentration as 20% by weight or more along with a long period of 
storage stability is rec^ired in preparing, for example, a fibn, a cartxixyl value of less than 15 mole/ton is preferabla 

2S [0045] Alsa the cartxixyl value should he suppressed below 30 mde/ton since the value affects the surface charac- 
teristics of tfie film obtained by a solvent casting method. 

[0046] It is preferable that the quantity of the residual alkali metals In the polyarylate according to the present vivention 
is less than 50 ppm. The quantity of the residual alkali metalsof SO ppm or more is not pr^erable because the electric 
characteristic described above tencfe to be deteriorated besides the surface characteristics and electric characteristics 
30 are adversely affected along with causing tiie perfbrmarve of the functional film endowed with electrical corxjuctivity to 
be decreased. The content of residual alkali metals in the polyarylate according to the present invention can he deter- 
mined by a conventional method such as ion chromatography, atomic absorption method and plasma emission spec- 
trophotometry. 

[0047] The quantity of the residual catalyst such as quaternary amnxsTBum s£ilts and quaternary phosphontum salts 
35 in the pdyarylate according to the present invention is preferal}ly less than 200 ppm, more preferably less than 100 
ppm. The quantity of the residual catalyst of 200 ppm or nrvxe is not preferat)le since dielectric breakdown strengtti 
tends to be deaeased. adversely affecting the performance when the resin is formed into the fSm as descrit)ed above. 
The content of the residual catalyst such as quaternary ammonium salts and quaternary phosphonium salts in the pol- 
yarylate aocorcfing to the present invention can be deterntined t>y gas chromatography. 
40 [0048] The polyarylate accoit&ig to the present invention sut^stantially assumes an arTK)rphous form besides having 
a high sdubiiity in a solvent such as methylene chloride, chloroform. 1 .1 .2,2-tetrachloroethane. 1 .2-dchloroethane. tet- 
rahydrofuran, 1,4KiiGKane, toluene, xylene, y^xjtyrolactone, benzylaloohd. isophorone. chlorobenzene. dichloroben- 
zene and hexafluordsopropanol. It is preferable to conpletely dissolve the resin In these solvents at a concentration of 
1 0% k>y weight or nxxe. 

46 [0049] Amorphous structure of the resin may be confirmed by detecting no melting point by a method known in the 
art such as differential scanning calorimetry (DSC) and dynamic viscoeiastidty measurement 
[P060] Various kind of antioxidants such as hindered phenols, hindered amines, thtoethers and phosphates may be 
added In the pdyarylate acoordvig to the present invention in the range not affecting the characteristics of the resin. An 
electrically conductive filler such as carbon black, acetylene blacK ketchen black and metallic powder, and varknis kind 

so of fillers such as silica and talc may be also added In order to endow the resin with a variety of perlbrmanca 

[0061 ] The polyarylate film aocoiding to the present invention can be obtained by any f im^orming method not restric- 
tive to a specified method. One example will be described hereinafter. 
[P052] The polyarylate film is produced through a film-application step and drying step. 

[0053] A solvent casting method is advantageously used in the film-applKation step. The solvent to he used in the 
55 solvent casting method is not espedally limited but may be any solvents among the fbregdng solvents that can dissolve 
the pdyarylate according to the present invention. 

[0054] In the drying step after the film-application step, the film should be gradually heated and dried considering the 
kind of the polyarylate and tiie glass transition point that changes depending on ttie quantity of the residual solvents. 
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The process as described above allows an optically Isotropic pdyarylate f ilm to be obtained. 
[0055] When the film is insufficiently heat-dried, the quantity of the residual solvents becomes larger whOe, when the 
film is overheated, the polyarylate is heat-decomposed to increase the quantity of the residual phenol monomer. Fur- 
thermore, a hasty heat-drying of the film wil cause the incorporated solvents to be rapidly eraporated, generating 

5 defects such as bubbles in the film. 

[0056] It is essential that the quantity of the residual solvents in the polyarylate film according to the present invention 
is less than 2000 ppm, preferably less than 1000 ppm. The quantity of the residual solvents of 2000 ppm or more is not 
preferable since the surface characteristics of the f ilm becomes poor, adversely affecting S4aiace treatment. The quan- 
tity of the residual solvents in the polyarylate film according to the present invention can be determined by a method 

10 known in the art such as gas chromatography. 

[0057] The thickness off the polyarylate film according to the present invention is not especially limited hut Is, generally 
speaking, in the range of 0.5 to 1500 |im. preferably in the range of 0.5 tp 500 \sm, A total li^t transmittance of the pol- 
yarylate is required to be 80% or more, preferably 90% or more. 

[odsS] The polyarylate film according to the present invention has preferably a birefringence of 20 nm or less against 
IS a vertical incident Oght, a birefringence of 10 nm or less being especially preferable. The range of variation ratio of the 
birefringence against an oblk^ue incMent light relative to the birefringence against a vertical incident light is preferably 
30% or less, a ratio of 20% or less t>eing especially preferable. 

[0059] ft is essential that the quantity of the residual phenol mon o mer and residual dicartx3ocylic add in ttie polyarylate 
according to the present invention and in the fiim obtained by the solvent casting method is 1000 ppm or less. The quan- 
go tity is preferably 500 ppm or less* more preferably 300 ppm or less. The quantity of the residual phenol monomer and 
dicarbaxylK add of more than 1000 ppm is not preferable since the aforementioned electric characteristics are 
adversely affected along with causing a poor surface characteristics of ttie film. Also, the quantity of tiie residual phenol 
monomer and dicartx)xyfic acid of more than 1000 ppm is not preferable, because due to the effect of heating and 
plasma while forming a film when a transparent conductive film is formed on ttie film obtained t>y ttie solvent casting 
25 method, the film is adversely affected in such manners ttiat gases of ttie residual phenol monomer and dicart>oxylic acid 
are generated, ttiat crystal grains are formed in the transparent conducttve film due to heat deoompositfon. or ttiat non- 
coated portions called 'voids" appear and inhibit tiie transparent conductive film from having a low electric resistance. 
The quantity of the residual phenol moromer and dicart)axyCc acid in the polyaryfate and Hs f 8m can be determined by 
a mettiod krxTwn in the art such as nuclear magnetic resonance spectroscopy. 
30 [0060] As for abrasfon resistance of ttie polyarylate film as measured with a Taber abrasion tester (abrasion ring: CS- 
10F). ttie weigM loss after 10,000 cyde of tests under a foad of 250 g is preferably 10 nig or less^ 
or less. 

Example 

55 

[0061] Afthough the present invention Is described in detail refening to the examples and comparative examples, it is 
by no means limited to ttiese examples but various modifications and appOcations are posabke wittiout departing from 
the spirit of ttie present invention. 

40 (Example 1) 

[0062] After adding 2,514 parts by weight of water in a reaction vessel equipped witti a stirrer. 22.7 parts by weight of 
sodium hydroxide, 51 .3 parts by weight off 9.9-bis(3,5<llmettiyl-4-hydroxypheny1)f luorene as a bifunctional phenol and 
0. 162 parts by weight of p-tert-t)uty^^henol (PTBP) as a molecular weight control agent were dissolved in water. After 

46 adding 0.34 parts by w^gtit of a polymerization catalyst (tributybenzyl ammonium dtioride), the mixed solution was 
vigorously stirred. In a separate experiment 25.8 parts by weight of a mixture comprising an equal quantity of tereph- 
thalfo acid chloride and isophttiafic add chforide was weighed and ttie mixture was dissolved in 945 parts by weight of 
methylene chforkJe. The mettiylene chforide solution was added dropwise into ttie prevfously prepared alkaline solution 
to start pdymerization. The polymerization temperature was adjusted wtttiin ttie range of IS^'C or more and 20^*0 or 

50 less. After 2 hours' polymerizatfon. the polymerization reaction was stopped by adding acetic add in the reaction sys- 
tem followed by separation of the organic phase from tiie aqueous phase The organic phase was repeatedly washed 
witti twice volume of ion exchange water, fbUowed by phase separation. Washing was repeated until electric conductiv- 
ity of ttm washing water had been decreased to less ttian 50 ^S/cnt A powder off ttie po^ 

the organic phase into a warm water bath at 50°C equipped with a homomixer to allow mettiylene chloride to evaporate. 
55 The polyarylate according to the present invention was obtained after dehydration and drying of the powder. 
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(Examples 2 to 18. Conrparative Exanples 1 to 9 

[0063] Resins were produced by the same method as desaibed in Example 1. except that the bifunctional phenol 
components, molar ratio of polymerization, the quantity of PTBP against the bifunctional phenol and the degree of 
washing were changed. The production conditions are Gsted in TABLE 1 . 

^ (Example 19) 

[0064] A methylene chloride solution containing 20% by weight of the polyarylate obtained in Example 1 was pre- 
pared. After titrating the solution through a filter with a pore size of 5 a cast film was spread on a substrate followed 
by gradually heatnig at 30. 40 and 80**C to dry the top face cf the fira The resulting film was released from the sub- 
strate. Both faces of the released film was then gradually heated at SO^'C. lOO^C. ^2Q^C, ISO^'C. ITS^'C and ISO^'C for 
drying, thereby obtaining a film. 

(Examples 20 to 36. Comparative exanrples 6 to 7) 

[0065] Rims were obtained by the same method as described in Example 1 9. except that the polyarylates used were 
changed. The concentration of the polyarylate soluiion was acgusted to a concentration suitable for forming the films 
depending on the viscosity of the polyarylate solution used. 

(Comparative Example 8) 

[0066] AHhough a film was attempted to form using the polyarylate obtained in Conparative Example 5. the viscosity 
of the solution was too low to form a film. 

(Example 37 and 38) 

[0067] A fam was obtained tiy the same method as \n Example 19. except that the heat-drying temperature was 
changed. The temperature was further inaeased up to 250**C in Example 37. The heat-drying temperature was limited 
to 130*C in Example 38. 

Evaluation of the polyarylate resin and film 

[0068] The polyarylate resin and flm synthesized as desaibed above were evaluated. The results are shown in 
TABLE 1 and 2. 
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[0069] The evaluation methods were as fbltows: 
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1) Heatr66i6tance 

The glass transition tenperature was measured with a DSC (Drfferential Scanning Calorimeter) made by Per- 
Idn-Elmar Co. using 1 0 mg of sanple at a temperature Inaease rate of 20°CAnn. This glass transition temperature 
was used as an index of heat resistance. 

5 

2) Solution viscosity 

The viscosity of the solution containing 1 g/dl of the resin was measured at 25°C using 1,1,2.2-tetrachlo- 
roethane as a solvent. 

10 3) Abrasion resistance 

Weight loss of the film prepared as described previously after 10.000 cycles of abrasion test under a load of 
250 g was measured with a Taber abrasion tester (abrasion ring: CS-10F). The weight loss was used as an index 
of abrasion resistanca 

IS 4] Cartxjxyl value 

Pdyarylate (0.15 g) was precisely weighed In a test tube and cfissolved in 5 ml of benzyl alcohol wHh heating. 
After mixing 10 mi of chloroform and the benzyl alcohol solution of the pdyarylate. phenol red was added as an 
indicator to subject the mixed solution to a neutralization titration with stirring using a benzyl alcohol solution con- 
taining 0.1 N of KOH. thereby obtaining the caitxsxyl value (expressed in terms of acid value in the table). 

20 

5) Quantity of residual sodium 

Nitric acid was added to the polyarylate to subject it to a heat degradation treatment with a microwave wet deg- 
radation apparatus (MLS-1200MEQA. MDR1000/160/60Rotar. wade by MOes Ca). The heat degradation treat- 
ment was repeated successively adding sulfuric acid and perchloric acid to soiuk)ilize the sample. The solution 
£5 obtained was assayed with an atomic absorption spectrophotometer (ICAP-575-tl; made by Japan Jarrel-Ash Ca) 
to determine the quantity of residual sodium in the polyarylate. 

6) Quantity of residual catalyst 

After dissolving the polyarylate in chloroform, it was precipitated by adding methanol and a given quantity of 
30 t)iphenyt was added in the solution as an internal standard. The methanol solution containing the residual catalyst 
was subjected to a gas chro ma t ogra phic analysis (HP-6890 series GC system, made by Heulett-Packard Co.) to 
determine the residual catalyst in the polyarylate. 

7) Quantity of residual pherx>l monomer and dicartx)xylic acid 

55 Ten granis of the polyarylate a its film was extracted with rvhexane for 12 hours u» 

quantity of the monomer contained in the extract was determined by nuclear magnetic resonance method. 

8) Quantity of residual solvent 

Dissolved was 50 mg of ttie polyarylate in 1 ml of tetrahydrofuran followed by allowing the polyarytate to pre- 
40 dpitate by adding 1 ml of methanol. After adding 30 |ig of n-propanol as an internal standard, the solution was cen- 
trifuged to sample the supernatant of the solution. The quantity of the residual solvent \n the polyarylate was 
determined with a gas chromatographic apparatus (GC-9A. made by Shimadzu Ca). 

9) Birefringence 

46 Birefringence was measured with Automatic Bfipsonrieter DVA-36VWLi> made t)y Mizojiri Optical Work Co. A 

helium-neon laser (633 nm) was used as a light sourca Using a cast film with a dimension of 1 0 cm in length and 
width, and 100 ^m in thickness, retardation values were measured at nine different points and an averaged value 
of them was used as a representative. Birefringence was measured using a vertteal incident light and oblique (45**) 
incident liglit against the f ibn surface. 

so 

10) Transparency 

Total light transn^tlance was used as an index of transparency of the f am. The total light transmittance was 
measured using Color Measuring System Z-X90 made by Nihon Denshoku Kbgyo Co. 

55 [0070] The following conclusions were obtained from the experiments as hitherto descrit)ed: 

(1) It is evident from comparison of Examples 1 to 1 8 with Comparative Examples 1 and 2 that the polyarylate con- 
taining 9,9-bis(alkyt-4-hydroxyphenyOf luorene residue according to the present invention has good heat resistance. 
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(2) ft 18 evident from conparison of Examples 19 to 38 wfth Comparative Exainple8 6and7thatthepo(yarylatefilm 
containing 9.9^is(atkyt-4-hydrQxyphenyQfluorene residue according to the present invention has smaHer birefrin- 
gence than the bisphenoi A-potyarytate film. It is also evident that the former fim shows less incident-angle 
dependency of birefringence along with having high transparency. 

(3) ft can be clearly concluded from comparison of Examples 25 to 33 with Co mpar ati v e Examples 6 and 7 that the 
polyarylate film according to the present invention, in which the bifunctional dphenol component comprises 9,9* 
bis(3-metfTyf-4^hydroKyphenyl)fIuorene and 2,2-bis(3.5-dimethyl-4-hy(tQxyphenyl)propane and in which the-iormer 
compound is oontained by more than 30 mol%. especially by 50 mol% or more, shows far smaller birefringence 
than the bisphenoi A-polyarylate f flm. 

(4) ft was made dear from comparison of Examples 1 9 to 38 with Comparative Exanples 6 and 7 that the polyar> 
ylate containing 9.9-bis(aikyl-4-hydraxypheny1)f luorene residue according to the present invention has a good abra- 
sion resistance. 

(5) ft was shown in Comparative Examples 9 and 1 0 that the polyarylate f Ims acoonfing to Comparative Examples 
4 and 5 using merely isophthalic acid have poor abrasion resistance as compared wHh the films acoorcfing to Exam- 
ples 22 to 24. 

Industrial Applicabilfty 

[0071 ] The novel potyarytate according to the present invention can be not only used in the field of machine industry, 
automobile industry and food industry but also is applicable as a variety of coating f Urns in electric and electronic indus- 
try, optical industry and automobile irxlustry ty^ tai<ing advantage of Hs good abrasion resistance arxi heat resistance, 
high purity as weH as excellem optical characteristics such as high transparency and low birefringence The film thereof 
is applicable for insulating materials for electric appliances, power generators, resistors arxJ interiayer insulation films, 
coating films for transformers and electric wires, dielectric films such as capacftcrs, and optical devices such as liquid 
crystal display panels. 

[0072] Examples of the applications as coating film resins include binder resins for use in electric, electronic and opti- 
cal appliances, and coating film type variable transformers. The resin can be also applied for solvent cast type films for 
use in watches and docks, tei^sions, IC cards, word processors, personal computers, liquid crystal displays and elec- 
troluminescence displays for dashboards and display tx>ards. transparent conductive films for polarizer and surface pro- 
tection f ilms of optical disks and optical cards. The resin may serves as substitutes of currentiy used glass and metallic 
substrates in electrto, electronic and optical elements. 

Claims 

.1 . A polyarylate comprising: 

a bifunctional phenol component being composed of 

(a) a 9,9-bis(all^-4-hydroxyphefiyl)f luorene residue represented by a general fonnJa (1) 




(wherein R and R' in ttie formula are selected from alkyi groups having a caitxxi nwnber of 1 to 4, p and q 
representing an integer of 1 to 4); and 

(b) a bifunctional phenol residue represented by a general formula (2) and/br a dioxybenzene residue that 
are added if necessary, 
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(wheren Ri. R2. and R4 in the formula are each independently selected from the group consisting of a 
hydrogen atom, a halogen atom, a hydrocartx)n group or a nitro group, the tiydrocarix)n group being 
selected from the group consisting of aliphatic groups having a cartxxi number of 1 to 20, alicyclic groups 
having a carbon number of 3 to 20 and aromatic groups having a carbon number of 6 to 20, X being 
selected from the group consisting of a single bond, an oxygen atom, a sulfur atom, an alkylene groups an 
alkylidene group, a cycloaOcytene group, a cydoalkyfidene group, a halo-sUbstituted alMene group, a 
halo-sut)stituted alkylidene group, a phenyalkyUdene group, a sutsstituted phenyalkylrdene group, a carbo- 
nyl group, a sulfbnyl group, a cartxxxylalkytene group, a cartwxylalkylidene group, an alkQxycartx)ny1 
alkylene group, an alkoxycarbonyt alkylidene group, a fluorene grotp. an isatin group, an alkylsllane group 
and a dialkytsOane group), wherein 

the mole fractton between (a) and (b) Is within the range represented by the following relation: 

0.05 ^ [(a)/{(a) -i- (b)}] ^ 1.00; and 

a dicaitxscylic acid component being composed of 10 to 90 rnol% of a terephthalic acid residue and 
90 to 10 mol% of an isophthalic ackj resklue; and 

an inherent viscosity {r\ mh.) at 25''C of a solutk3n of the polyarylate with a concentration of 1 .0 g/dl in 
1 .1 .2.2*tetrachk)roethane as a solvent is withm the range represented by the foltowing relatnn: 

025 ^ninh.^ 2.50. 

A potyarytate comprising: 

a bifunctkanal phenol component being composed of 

(c) a 9.943is(3,5-cfimethyl-4-hydrQxypheriyf)f luorene reskkie represented by a chemical formula (3); and 




(b) a bifunctnnal phenol resKlue represented by a general formula (2) and/or a dk>xybenzene residue that 
are added if necessary. 
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(2) 



R4 



(wherein Ri. R2« and R4 in the formula are each independently selected from the group consisting of a 
hydrogen atom, a halogen atom, a hydrocaitxjn group or a nrtro group, the hydrocartx)n groif) being 
selected from the group consisting of aliphatic groups having a caftx)n number of 1 to 20, alicycCc groups 
having a cart)on number of 3 to 20 and aromatic grou|is having a cartx>n number of 6 to 20. X being 
selected from the group oonsistvig of a single bond, an oxygen atom, a sulfur atom, an alkylene group, an 
alkylidene group, a cycloalkytene group, a cydoaficylidene groi4>, a halo-substituted all^ene group, a 
halo-sut>stituted alkylidene group, a phenyalkytidene group, a substituted phenyalkylidene group, a carbo- 
nyl group, a sulfor^ group, a cartx}xylal)<ylene group, a carboxylaikylidene group, an alkaxycartxxiyl 
alkylene groip, an aikoxycarbonyl alkylidene group, afluorene group, an isatin group, an alkyisilane group 
and a dialkylsilane group.), wherein 

the mole fraction between (c) and (b) is within the range represented by the following relation: 



a cficarboxylic acid component being composed of 10 to 90 mol% of a terephthalic add residue and 
90 to 10 nx)t% of an isophthalic acid residue; and 

an Inherent viscosity (t] inh.) at 25*^0 of a solution of the polyarylate with a concentration off 1 .0 g/dl In 
1 .1 ,2,2-t0trachloroethane as a solvent is within the range represented by the following relation: 



A polyarylate according to Claim 2 having an inherent viscosity {x\ Inh.) within the following range: 



A polyarylate comprising: 

a bifmctional phenol component being composed of 

(d) a 9.9-bi$(3-m6thyl-4-hydrQKyphenyl)fluorene resklue represented by a chenvcal formula (4); and 



(b) a brfunctional phenol reskJue represented by a general fonmula (2) and/br a dioxybenzene resklue that 
are added if necessary, 



0.05 ^ [[cMc) + (b))] ^ 1 .00; and 



0.25 ^ Tt inh. ^ 2.50. 



0.25 inh. ^ 1.50. 
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(2) 



R2 



(wtierein Rf, R2. and R4 in the fornfuila are each independently selected from the group consisting of a 
hydrogen atom, a halogen atom, a hydrocartx>n groif) or a nitro group, the hydrocartxyi group being 
selected ham tfie groi^) consisting of aliphatic groups having a caxbon nuntef of 1 to 20, alicyclic groups 
having a cartxxi number of 3 to 20 and aromatic groups having a cartx)n number of 6 to 20. X being 
selected from the group consisting of a single bond, an oxygen atom, a sutfur atom, an alkylene group, an 
alkylidene group, a cycloalkylene group, a cydoalkylidene group, a halo-sUbstituted all^iene group, a 
halo-substituted alkylidene group, a phenyalkyBdene groups a sitetituted phenyalkylidene group, a cartx>- 
nyl group a suHbnyt group, a carboxyfalkylene group, a cartx)xyfalkyridene group, an alkQxycartx)ny) 
alkylene group, an alkoxycart)onyl alkylidene group, a ftuorene group, an isatin group, an aikyfsilane group 
and a dialkylsilane group.), wherein 

the mole fraction between (d) and (b) is wittiin the range represented by the following relation: 



a dlcarboxyltc add corrqDonent being composed of 10 to 90 mol% of a terephthalk; accl reskhie and 
90 to 10 mpt% of an isophthalic ackj resklue; and 

an Inherent viscosity (n inh.) at 25''C of a solutfon of the polyaryiate with a concentration of 1 .0 g/dl In 
1 .1 .2.2-tetrachk>roethane as a solvent is within the range represented by the fblkiwing relatfon: 



A polyaryiate con^sing: 

a bifunctnnal phenol conponent being composed of 

(d) a 9.9-t)is(3-methyl-4-hydrGKyphenyl)fluorene resklue represented by a chemical forirtila (4); and 



(0 a 2.2-bi8(3.5-dimethyl-4-hydraxyphenyl}propane resklue represented by a chemical formula (5) that is 
added if necessary, 



0.05 <. m/m + (b)}] ^ 1 .00; and 



0.25 ^11 inh. ^1.50. 




(4) 
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wherein 

the mole fraction between (d) and (f) is within the range represented tsy the following relation: 

. 0.30<[(d)/{(d)'i-(f)}]^1.00,and 

a dicart)oxyfic acid component being composed of 10 to 90 mol% of a terephthalic ackJ residue and 
90 to 10 mot% of an tsophthalic acid residue; and 

an Inherent viscosity [r\ ^h.) at 25^0 of a solution of the polyarytate with a concentration of 1 .0 g/dl In 
1 ,1 .2,2-tBtraGhIoroethane as a solvent is within ttie range represented by the following relation 

0.25 ^ r\ \vlh. ^ 2.50. 

6. A polyarylate according to any one of Claims 1 to 5, wherein the caiboxyl value is 30 mole/ton or less and the quarv 
tity of residual alkafi metals is less than 50 ppm. 

7. A polyarylate aocorcfing to any one of Claims 1 to 6, wherein the quantity of residual catalysts is less than 200 ppm. 

8. A polyarylate according to any one of Claims 1 to 7. wherein the quantity of the residual of phenyl monomers and 
dicarfooxylic adds are 1000 ppm or less, respectively. 

9. A film produced by forming the polyarylate according to any one of Claims 1 to 8. 

10. A film formed by a solvent casting method of the polyarylate according to any one of Cla^ 

11 . A polyarylate fflm aocorcf ng to Claim 10, wherein the residual phenyl monomer and dicartxxxyfic add are 1000 ppm 
or less, respectively 

1 2. A pdyarylate f im according to Claim 1 0 or 1 1 . wherein the quantity of the residual solvent is less than 2000 ppm. 
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